The induction linac bunches of heavy ion fusion scenarios are strongly influenced by the longitudinal space charge impedance. This is in distinct contrast to relativistic bunches in storage rings where most of the data on stability have been obtained. Simulation results reveal that when space charge effects are large, the stability requirement of small growth rate relative to the synchrotron frequency for relativistic bunches is replaced by the relaxed condition of small growth rate relative to the frequency spacing of the space charge wave modes on the bunch. Dispersive effects from finite pipe size tend to make the lower frequencies less susceptible to instability than higher frequencies. Since 
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Summary
The induction linac bunches of heavy ion fusion scenarios are strongly influenced by the longitudinal space charge impedance. This is in distinct contrast to relativistic bunches in storage rings where most of the data on stability have been obtained. Simulation results reveal that when space charge effects are large, the stability requirement of small growth rate relative to the synchrotron frequency for relativistic bunches is replaced by the relaxed condition of small growth rate relative to the frequency spacing of the space charge wave modes on the bunch. Dispersive effects from finite pipe size tend to make the lower frequencies less susceptible to instability than higher frequencies. Since 
where vth is the full width, half height velocity spread, v is the beam velocity, and F is a form factor of the order of unity.
For relativistic bunched beams in a storage ring it has been found that if the analogous condition is satisfied for modes of wavelengths shorter than the bunch, there is instability only if the associated growth rate exceeds the synchrotron angular frequency. Sacherer4 has analyzed this phenomenon in terms of a perturbation expansion, and found that the above condition corresponds to strong coupling of the unperturbed modes of the bunch by the machine impedance Z'. The coupling is strong if the associated growth rate exceeds the local mode spacing. For hot bunches, where the thermal velocity greatly exceeds the plasma wave velocity, the mode spacing is the synchrotron angular frequency.
Simulations of the hot bunch microwave instability were performed, with the machine impedance modeled with the usual Q = 1 resonator which has been found to well represent most storage rings. A threshold for instability was Figures 1 and 2 show the density distribution after saturation of a parabolic bunch below and above the stability threshold, respectively. The initial velocity spread and bunch length were the same in both cases, with the impedance doubled in the latter to exceed the instability threshold. Below threshold, there has been some softening of the sharp edged parabolic distribution, but no appreciable bunch lengthening. Above threshold, the bunch lengthens until an equilibrium is reached. Thus, each figure represents the same total (2) is shown in Table 1 , and suggests a criterion similar to that of Sacherer's. The higher frequency modes are more closely spaced because of the space charge dispersion, and low frequencies should be relatively less susceptible to
instability. This appears to be borne out in that low frequency growth is more dominant for the shortest e-folding length. 
